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XVIII. Experiments on the EffeB of various Subjlancesin Uwer- 
ing the Point of Congelation in Water. By Charles Blagden- 
L D. Sec. R. S. and F. A^ S. 




Read April 24, 17B8* 

^HE experiments which were neceffary, in order to deter- 
mine what efFeft the admixture of various fubftances 
would produce upon the property of water to be cooled below 
the freezing point*, naturally led me to a more particular confix 
deration of the power of fuch admixtures in making water 
require a greater degree of cold before it congeals. Many cu- 
rious queftions occurred on this fubjed, which could only be 
anfwered by frefh experiments. Thefe were made nearly in 
the fame manner as the preceding ; that is, the liquor, whofe 
freezing point I meant to try, was put into a glafs tumbler, 
to the height of two or three inches above the bottom, and 
the tumbler was then immerfed in a frigorific mixture of com- 
mon fait and ice or fnow. As the objed was feldom to 
cool the liquor as much as poffible below its freezing point, the 
operation required no particular care, but the frigorific mix^ 
ture was commonly permitted to aft with its full force: 
wherefore, fome parts of the liquor were often much colder 
than others ; and particularly, near the top, a thermometer 
would ufually ftand feveral degrees higher than toward the 
bottom, becaufe the furface was conftantly warmed by the air 
©f the room. 

* Seep, 125. ®f this Volume^ 
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My firfl objed of inveftigation was the ratio according to 
which equal additions of the fame fubftance deprefs the frcez- 
Jng point. I began with common fait; and in order to avoid 
as much as poffible a fallacy in the experiments, becaiife the 
ordinary fait is never pure, and often not perfectly neutral, I 
chofe fome clean fait, in fan- cryftals, which is fold in London 
under tha name of Borrowfcounnefs pure fait. This fait I 
diflblved In diftiiled water, in various proportions, and found 
the correfponding points of congelation to be as is expreffed in 
the annexed table ^ where the firfc column indicates the num- 
ber of parts and decimals of water to one part of the fait, and 
the fecond column fhews the freezing point found by the expe- 
riment. It appeared clearly, on comparing the proportions of 
water to fait, with the correfponding number of degrees which 
the freezing point was reduced below 32% that the efFed of 
the fait was nearly in a iimple ratio; namely, that if the ad- 
dition of a fentb part of fait to the water funk the freezing 
point about 1 1 degrees, or to 21°, it would be deprefled dou- 
ble that quantity, or to lo"" nearly, when a ^ftb part of fait 
was diflblved in the water. To ihew, therefore, how far thi^ 
fimple proportion is exa£l, I have added a third column to the 
table, which is made by feiedting the lowefl: freezing point 
that wa^ obtained without ambiguity in the experiment, and 
calculating, by a fimple in verfe proportion, what all the other 
points fliould have been according to that ratio. Thus when a 
fourth part of its weight of common fait was, diflblved in wa- 
ter, I found the freezing point of the liquor to be 4P ; there- 
fore, to determine %vhat it fhould be when only ^'-^ part of 
fait was added to the water, the formula is 32 : 4 :: 28 (the 
number of degrees that the point 4° is below the freezing' 
point of pure water) : ji ; which fubtraded from 32"" gives 
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%%% for the freezing point of that folution. All the reft of 
the third column of the table is found in the fame manner, 
and with very little trouble, becaufe 4 x 28 =s 1 12 is a conftant 
number, which being divided bj the numbers of the firft co- 
lumn, the quotient is the number of degrees fought. In all 
the experiments, none but diftilled water was employed. 
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The third column is calculated 
from the laft experiment, in 
which the freezing point of a 
folution of one part of fait in 
four of water proved to be 
+ 4^- 



The numbers in the third column of the table come fo near 
to thofe in the fecondj that moft likely the fmall dijEFerences 
between them ought to be afcribed to errors in the experi- 
ment; whence we fhould conclude, that the fait lowers the 
freezing point in the fimple inverfe ratio of the proportion 
which the water bears to it in the folution. 

In the conrfe of the experiments made with the diffiirent 
folutions of this fait, fome phsenomena occurred which delerve 
further attention. 

I . This folution was in oneinftance cooled 8|, and in feveral 

5 or 6 degrees, below its freezing point ; but in general it 

4 fhot 
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fhot rather more readily than fome other folutions; which I 
afcribedj from the analogy of my former experiments, to its 
lefs tranfparency. Though the common fait did not forma 
turbid folutioo, yet there was fomethiog of a greyifh caft^ 
ixmch hke what is produced by the mixture of a ftnall portion 
of clay with pure water; and the caution in conducing the 
operation, neceflary to make folutions of this fait cool a cer- 
tain number of degrees below their freezing point, feemed to 
be nearly the fame as would be required with water equally 
tinged by means of clay, 

:Z. When the folution was very ftrong, nearly faturated with 
the fait, cooling it tended fomewhat to leffen this greyifh caft, 
to render it rather more limpid : as was particularly the cafe in 
a faturated folution which I cooled too''. I fufpe£t this effect 
takes place w^hen the folution begins to expand with the cold* 

3. In the ftrong folutions, when the proportion of fait was 
as much as one- fifth, before the real congelation came on 
which reduced the whole to one temperature, feveral fmall 
ftellated cryftals formed in the liquor, which, increafed very 
flowly. Thefe were real ice of the fait water ; but the cold 
being in this cafe very little below the freezing point of the 
folution, there was little power to make them fpreadj and 
fometimes, when this occurred, I believe, part of the folu- 
tion toward the top was rather above than below the freezing 
point. Similar phaenomena were obferved, and in a ftill more 
remarkable manner, in the folutions of fome other falts, al- 
ways when they were very ftrong : aad it may be given as a 
general fad, that in folutions approaching to faturation, though 
0he formation of one glacial cryftal does, as in pure water, tend 
to make the whole freeze and come up to an uniform tempera- 
ture, yet the fhooting goes on much more flowly, as if the 
2 fait 
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fait oppofed fdme refiftancej or at leaft proved an mipediment^ 
to the progrefs of the cryftallization. By ftirring the folution^ 
however, when thefe ftellated cryftals once began to form, 
they quickly increafed in bulk, or became more numerous, 
atid the liquor affumed its freezing temperature. 

4. This faJt with fnow, in the manner of frigorific mix- 
tures, produced a cold of — 4''a 

The next fait which I tried for its efFeft in lowering th# 
freezing point of water, was nitre. It was part of a large 
compound cryftal, or bundle of cryftals, apparently very 
pure, fuch as is ufed in manufaduring the befl gunpowder. 
This being mixed with the diftilled water, in different propor-* 
tions, the folutions froze according to the following table^. 



Fi^oportlon 

of water to 

the fait. 


Freezing 

point by the 

experiment. 


Freezing point 
by calculation. 


32:1 

24 : 1 
26 ; I 
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27 
'. 26 
26 1 
361 
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-w/4 
26 

faltdepofited 
fait depofited 
f much fait 
Idepofited* 



The third column is cdcu« 
lated from the fifth experi- 
ment, in which the freez« 
ing point of a folution oi 
one part of fait in eight of 
water proved ta be 26""* 



I 



Nitre is well known to differ from common fait in being 
much more foluble in warm than in cold waten Hence it 
would be nothing remarkable, that the folutions being made in 

water 
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water above the freezing points^ fome of the fait fliould, when 
they exceeded a certain ftrength, be depofited before they began 
to freezcc But a further queftiori occurred here, whether^ 
when a foiution was cooled below its freezing point, the fait 
would ftiil contmue to be depofited ; or whether it would not 
have parted with all the fait it was obliged to let go by the 
time it came to the degree at which it was to freeze, and would 
retain the remainder notwithftanding any fubfequent cooling. 
To determine this, I noticed carefully the quantities of fait 
depofited at the bottom of the tumbler, in comparifon with 
the cold of the foiution as fliewn by the immerfed thermome- 
ter; and I found, that in fome cafes (for inftance, when the 
fait was to the water only as i : lo) the depofition did not 
begin till after the foiution had paffed its ffeezing point i and 
that, when it began earlier, ftill there was no flop at the freez- 
ing point,, but the quantity continued augmenting as the cold 
of the foiution proceeded, and, as far as I could judge, rather 
in an increafing ratio. Thus when the faturated foiution was 
cooled 8 or ID degrees below its freezing point, which often 
happened, the colledion of nitre at the bottom was very 
great ; and in this manner I could render a faturated foiution 
of nitre no longer faturated when it came to freeze, the defi- 
ciency being fometimes fo great as to raife the point of conge- 
lation a degree or more. Hence was afcertained the unex- 
peded fad, that the lower fuch folutions are cooled, the higher 
is their freezing point. 

The nitre depofited by the foiution as it cooled, formed, if 
the vefiel remained at reft, fmall but very white and compaffc 
prifmatic or needle-like cryftals, of confiderable length, point- 
ing different ways, and at laft eurioufly interwoven with one 
andther. But if thcfe were broken down, or the foiution was 

ftirred 
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ilirred with any force, the remaining nitre depofited itfelf in 
fuch mmute cryftals as to have much the appearance of a 
powder; I fuppofe from the deflrudion of the regular furfaces 
ypon which it would otherwlfe have continued to fqriii. 

Frequently, in the ilronger folutions, there appeared near 
the bottom and fide of the tumbler many elegant ftellated 
cryftals, perhaps a quarter of an inch in diameter, all fepa- 
rate, but fometimes crowding very clofe upon one another^ fo 
as toeiihibit a fpedacle of much beauty. 

The ice of folutions of nitre, efpecially when it began to 
thaw, was very different from common ice, having a foft 
woolly appearance^ as if of a more tender and loole texture* 
Something of the fame kind was obfervable in the ice of all 
the other folutions, fufficiently diftinguifliing it from any that 
can be formed of pure water. 

All the folutions of nitre were remarkably limpid^ having 
no tendency to an opaque or turbid caft ; and accordingly they 
were very eafily cooled below the freezing point, and could not 
but with difficulty be made to ftioot till they had paffed it many 
degrees. In two inftances they cooled more than 10 degrees; 
namely, a folution of one part of nitre in 24 of water cooled 
ilowly to 1 9^1 5 and then (hooting, the thermometer came up 
toao°; and another folution, in which the nitre was to the 
water as i : 10, cooled rather below 1 6^ and having produced 
fome ftellated fcryftals, rofe, when the perfeS congelation took 

place, up to 27^ 

As, when pure wat-er is cooled below its freezing point, the 
leaft particle of ice or fnow brought into contaft with it caufes 
an inftant congelation, I was curious to know whether the 
fame effed would be produced when falts were diffolved in the 
water. Therefore, having one of thefe nitrous folutions, whofe 

Vol. LXXVIIL (^ q proportions 
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propartioiis were 8 : i, I cooled it to 24% about two degrees 
below its freezing point, and then, no fait being depofited, I 
put into it a fmall bit of ice. The efFed of this was not in- 
ilantaoeous^ as in pure water, though ultimately the famej 
the bit of ice graduailj enlarged, and when it was ftirred 
about in the li(|uor, a number of ftar-like cryftals formed^ 
which being fcattered through it loon brought it to an unifbrnx 
temperature of 26^ This fame Iblution, when eooled in a 
preceding experiment to iB"", had its freezing point at 27% 
from the quantity of nitre that had been depofited.. In all 
foiutions, therefore, of fuch falts as are much more foluble in 
Jlot than in cold water, if it be defiied to find their freezing 
point when they are loaded with as much of the fait as the 
water can contain at that temperature, the moft effedual me- 
thod is to oblige them to fhoot, as foon as they can be made to 
do fb, by putting in a fnialt bit of ice or fhow ; for thus the 
fallacy which might otherwiie arifk from the depolition o£ 
fome of the fait will be avoided* 

A doubt having been fuggefiedi whether the cont^ of % 
cryfi:al of fait might not alfo bring on the congelation, that 
experiment was tried^, but it produced no cf^£t^ Indeed, the 
formation of faline cryftals in thefe experiments^ the llquoi^ 
ftill remaining fluid, was a fuiBcient'proof to the contrary. 

There i§ another phenomenon which I though t took place la 
foiutions of: nitre and fome other fairs, but could not abfolutely^ 
fatisfy myfelf concerning it; namely^ that the deppfition ol 
fome fait haftened that of the remainder* . For inflanee, fup- 
pole that. a. fblutionof nitre in the propoi^tion of i :8, would 
retain the whole, of its fait. at. its freezing ppint of ^ a6?^; then^ 
if another folution were made much ,fl:ronger, it would begin 
to depofit its fait before it came to 2&^ % and when cookd to 
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26% it would not have juft loft the difFerence between the pre 
portions of 6 : i and 8 : i, but would have depofited more of 
the fait, fothat now at 26^ it would contain perhaps only a 
tenth of nitre ; as if the formation or exiftence of fome cry- 
ftals in the folution facilitated the feparation of the fait, or 
conftituted an attradive power eounterading the attraction of 
the fait to the water. It would have required a particular fe* 
ries of experiments to afcertain this as a fad; but feveral 
obfervations incline me to believe it is fo; and the con- 
fequences to be drawn from it would be fufficiently curious^ 
and applicable to many points of theory. Of the fame 
nature, perhaps^ is another tircumftance already hinted 
at, that after the folution has begun to form cryftals of 
nitre, the depofition proceeds with increafed rapidity as the 
cooling goes on. This may, indeed, be owing to the attrac- 
tion of the water to the fait decreafing in a progreffive ratio 
with each degree of cold ; but it may alfo depend on the 
attrading furfaces being multiplied as more cryftaU are formed : 
and ftirring the liquor feems to haften the progrefs of the de- 
pofition ; which may be afcribed to its bringing frefh portions 
of the folution perpetually to thofe attrading furfaces > for, if 
there be fuch an attradion, it can fcarcely be fuppofed to take 
place at any fenfible diflance. 

Upon the whole it feems evident from the preceding table, 
that the efFed of nitre, like that of common fak, is to de- 
prefs the freezing point in the fimple ratio of its proportion to 
the water; which will be found univerfally true when allows 
ance is made for the depofition and other fources of fallacy 
already enumerated. 

This nitre produced, withihow, a cdd of between 26^ and 
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As nitre funk the freezing point of water fo little, namelj, 
but 6 degrees, I had recourfe for the next fet of experiments 
to that neutralfalt which, after fea fait, produces the greateft 
cold with ice; which is, thd common fal ammoniac. The 
different folutions of this fait in water, being fubmitted to the 
aftion of the frigorific mixtures^, froze according to the follow- 
in p: table. 



Froportion 

of water to 

the fait. 

10 : I 

9.8 : I 

7.9 : 
6 : I 

5 '• i 
: i 



1 



Freez'ng 
point by the 
experiixent, 

: 241 
20 

12 



"% 



Sal amfBoniac. 



Freezing p^iot 
by calculation. 



o 

20 



8 

fait depolited 



The third column is calcu- 
lated from the laft experi- 
ment but one, in which the 
freezing point of a folutioa 
of one part of the fal am- 
moniac in five of water 
proved to be 8^. 



In this table alfo the numbers of the third colum agree fuf- 
ficientlj with thofe of the fecond to fhew, that fal ammoniac^ 
like the two« preceding falts, deprelTes the freezing point in the 
fimple ratio of the proportion in which it is mixed with the 
water* 

The following is the account, as written at the time, of the: 
experiment where the fait was to the water as i r 5. *' This 
*^ folution cooled down to 2^ at bottom, but the frigorific mix- 
^' ture being infufficknt, the top remained at lo^'o The turn- 
^' bicr was then taken ont, and the frigorific mixture being 
*^ refreffied by ftirrlng and the addition of new materials, it 
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^^ was replaced, when ice foon began to form at the bottom^ 
** like feathered cryftals, which however (hot out very llowly. 
*' But upon ftirring the folution, a vaft number of ftellated 
*' feathered cryftals prefently formed in it, the thermometer 
^' rofe immediately to 7''|, and was foon got to 8V* I have 
tranfcribed thefe remarks, not only becaufe they elucidate 
fome of the phsenomena mentioned in former experiments, but 
likewife on account of the ftriking analogy the cryftals bore tc^ 
the configurations obferved in a drop of the folution of this 
fait viewed with the microfcope. As the drop dries, great 
numbers of feathered cryftals fhoot out from its edges, and 
fome more perfe£l ftellated cryftals are often formed in the 
middle ; of which a pretty exa£t reprefentation may be feen in 
Baker's Employment for the Microfcope (p. no. PI. 11.)^ 
The refemblance of both kinds of cryftals, in thefe two dif- 
ferent fituations, is very great; and their particular figure is 
probably due to the fame caufe, a confuted and conftrained 
cryftallization, occafioned in the one cafe by the hafty evapo- 
ration and want of room in the drop, and in the other cafe by 
the watery congelation afting upon and embarraffing the natu- 
ral tendency of the fait. 

A ftronger folution of fal ammoniac, the proportions being 
I : 4, exhibited a ftill more beautiful appearance; for, be- 
fide the feathered cryftals at bottom, and the ftars floating in 
the middle, a third fort of cryftals, moft refembling the ftars, 
attached themfelves to the fides of the tumbler,, and were feea 
through the glafs as compofing a great variety of brilliant 
facettes. In this experiment the folution was reduced below i''^ 
before any congelation began to take place, and a certain quan- 
tity of the fait fell to the bottom in the form of a white pow- 
der, about as much as reduced the liquor to the ftate of a 

fatu rated 
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faturated folution at the freezing point, which therefore, whait 
the congelation took place, proved to be 4'', inftead of 2% the 
nunmber that would have anfwered to this proportion of fait. 

It has been a queftion much contefted, whether falinefolutions 
depofit their fait upon freezing. That fome feparation, or a 
tendency to feparation, takes place, many fa£ts concur to 
prove; and among the reft fome phaenomena obferved in the 
above-mentioned experiments. For inftance, the ftellated 
cryftals, when firft fornied, were barely fufpended in the wa« 
ter, and fometimes they even gradually fubfided to the bot- 
tom; which fhews, that they confifted of fait chiefly, only 
iayifcated with ice, or at leaft of an over-proportion of fait ^ 
for the principal mafs of ice formed in a faturated folutioa 
floats in it like common ice in pure water. Befides, it was 
althbft conftantly found, that when a cruft of ice, which had 
been formed in a faline folution, began to thaw, a thermome- 
ter thruft into it rofe fomewhat higher than the point at which 
it had become ftationary when the congelation took place ; an 
indication that a lefs proportion of fait was prefent in it than 
had been in the whole folution. And if, after any folution 
had fliot and formed a quantity of ice, the tumbler were 
ftill kept in the frigorific mixture, the thermometer immerfed 
in the liquor gradually funk lower and lower, as the congela- 
tion proceeded. But thefe very obfervations fhew, that the 
feparation is far from perfed ; as the rife of the thermometer 
in the former cafe, or its defcent in the latter, never exceeded 
one or two degrees, under a great variation in the quantity of 
ice in the folution. 

Sometimes in folutions of fal ammoniac, and fuch other 
falts as feparate by the cooling of the water, a fort of floccu- 
lenjt fubftance is farmed^ which fubfides in the water, and 

thereby 
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thereby is diffingmOied from the proper ice of tile fQlution^ 
which it otherwife rauch rcfembles in appearance. It is com-* 
pofed principally of the depofited fait, in very minute cryftals 
like powder, invifcatedand kept together with a little ice. 

Though fal ammoniac forms a tolerably tranfparent folu- 
tion, yet I perceive that in thefe experiments it was in few in* 
ftances cooled much below its freezing point; the moft was 
nine degrees. I believe this to have been accidental, from no 
particular attention being now beftowed on that obje£ti 

The fal ammoniac, mixed with fnow, produced a cold of 
from 4^ to4''iof Fahrenheit's IcaK 

Of all the folutions fubmitted to thefe experiments^ there 
were none more traniparent and elegant than thofa made with 
Rochelle fait. The water diffoived a large proportion of this 
fiibjftance, and had its freezing point funk ^ according to the 
following table- 

Rochelle faltii 



jortion 
ef water to 
the fait. 

5 • J^ 

2,3 C » I 

1,6 : 1 



Freezing 

point by the 

expei'inxeftts. 



I 



29 

271 
261 
24 

22 2^ 

2:1^ 
24 



Freezing point 
by. calculation. 



The third column is caleB^ 
lated from the laft experi-?" 
ment but one, in which 
the freezing point of a fblu« 
tion of one part of the 
Rochelle fait in two parts of 
fait depofited | water proved to be 21^. 

All the folutions of Rochelle fait bore to be cooled remarka- 
bly welL In one inftance the liquor funk 1 1 1 degrees below 

its,: 



29 I 

23I 

22 1 : 
21 
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its freezing point; namely, the folution of one part of the 
fait III five of water, whofe freezing point proved ay""!, and 
which cooled to 1 6"* before the cryftals of ice fhot. In two other 
inftances it funk fully nine degrees below its freezing points 
And, as already has been mentioned, the folutions of this 
fait are remarkably tranfparent. 

In trying the greateft cold to be obtained by rnixing Ro- 
chelle fait with fnow, I could get the thermometer no lower 
than 24% 

Glauber's fait llkewife was fubje£led to the experiments, 
but its utmoft effed in producing cold with fnow appearing to 
be only two degrees, this was too fmall a fcale for fettling any 
thing as to the ratio. A folution of it in water, in the pro- 
portion of 1 :5, cooled readily to 31^1 but the fait was depo^ 
lited in great quantities, and often fo faft, as to flop the cool- 
ing of the bottom of the liquor entirely, though the veffel 
was immerfed in a ftrong frigorific mixture. This phseno- 
menon has been obferved before ; but does not take place, to 
the fame degree, in the folutions of any other fait with which 
I am acquainted, though I evidently perceived fomething of 
it in the ftrong folutions both of nitre and of fal ammoniac. 
It is exadly the converfe of the cold produced by diflblving 
faits in water ; for ^^ there fome heat is abforbed, and becomes 
latent, by the change of the fait from a folid to a fluid ftate, fa 
here fome heat is evplved as the fait affumes the folid cryftal- 
line form. „ The efFeft is fo much more manifeft with Glau- 
ber's fait only, I imagine, becaufe the formation of the cry* 
ilals proceeds fo rapidly; whence the quantity of heat gene- 
j-ated equals or exceeds the cold communicated by the freezing 
mixture. Some odd appearances are produced by this fudden 

fto^ 
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flop of the cooling, and the rapid depofitlon of fait; for 
inftance, a particular ebullition in certain parts of the liquor ; 
but any intelligible defcription of them would be too minute. 

Thefe were all the falts with an alkaline bafis which I tried. 
They all agreed as to the chief objed of thefe experiments, 
namely, to determine how much the freezing point of water 
would be funk by diffoking them in it in various proportions ; 
which by thefe experiments appears to be, as nearly as could 
be determined, according to the fimple ratio of the proportion 
each fait bears to the water, 

I now refolved to try a few falts with an eartiby and metallic 
bafis. 

The common fal catharticus amarus of the fhops was thd 
%ecimen I ufed of an earthy fait. It formed a turbid inele- 
gant folution, as if dirty; and with various proportions of 
water produced the following points of congelation. 

Sal catharticus amarus. 



I 

The third column is calculated 
from the laft experiment, where 
the freezing point of a folution 
of one part of the fal catharti- 
cus amarus in 2,4 of water 
proved to be 25®!. 

No fait was depofited from the flrongeft of thefe folutioiis ; 
and as that which I ufed was a deliquefcent fait, it muft pro- 
bably have been in a vaft proportion to the water, before any 
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fuch effed would have taken place, I have fank a thermo«^ 
meter with it and fnow to 7''|; which, accordhig to the pro- 
portions in the table, would make more than three parts of 
the fait to two of water. Accordingly^ a large quantity of 
the fait was required to the fnow. 

No particular phenomenon was obferved with this fait, except 
the fingular configuration of its ice, which aflumed the form 
of fungi^ or of fome kinds of lichen, with feathered ftriae. 
The fbiutions were difScult to cool much below their freezing 
point <» 

Of the falts with a metallic bafis, green vitriol affords one 
of the moft traofparent folntioos in water. It fmks the ther- 
mometer nearly to zj^'l with liiow, and reduced the freezing 
point of water according to the following table* 



Green vitriol 



Proportion 

of water to 

the fait, 

10 : I 



3 • ^ 

'' A * I 



Freezing 

point by tht 

experiment. 



3 



My 4 

28 
28 



4 



Freezing 

point by 

calciilation, 

o 

3°! 
29! 

28 

28 



3. 

4 



The third column is calculated 
from the laft experiment, in 
which the freezing; point of a 
folntion of one part of the green 
^^Itriol in 2,4 of water proved 
to be 28\ 



The ice formed by thefe fokttions affumed a foliaceous confi- 
guratioti, with a texture of penniform ftri^, in fome refpefts 
like the appearance exhibited by a drop evaporating under a 
microfcope, as delineated by Baker. Scarcely any fait gave 
the point of congelation fo regularly in the proportion of the 
quantities mixed with the water, and none afforded folut ions 
4 which 
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which cooled more eafily and readily below the freezing point. 
In two inflances the cooling was more than ii degrees. 

Having found that white vitriol^ mixed with fnow, pro« 
duced a cold of 20^ melting the fnow remarkably faft^ I was 
Induced to try the freezing point of its folutions. But though 
it dilTolved very readily in water, yet the liquor it formed was 
fo turbid and thick, that little fatisfaftion could be derived 
from the experiments. The only numbers to be relied uponi 
are the following, which agree fufEciently with the general 
refult. 



White vitrioL 



proportion | Freezing 
of water to point by the 



the fait. 



5 
3 



I 

I 
I 



experiment. 

o 

31 

29I 

281 



Freezing 

point by 

calculation. 

o 

30 

28|. 



The third column Is calculated 
from the laft experimeht, in 
which the freezing point of a 
folution of one part of the 
white vitriol in three of water 
proved to be 28°|.. 



Thefe folutions cooled very ill, rione of them having funk 
much below the freezing pointj and the ftrongeft, which had 
a copious fediment, forming a crufi of ice at the bottom of the 
tumbler, before it was reduced at all below the term of con* 
gelation, 

M. AcHA&Dj of Berlin, having alledged% that borax In^ 
ftead of railing the boiling point of water, like other faline 
fubftances, very fenfibly deprefles it, I determined, how- 
ever extraordinary the hdc might appear, to try whether it had 

^ See Crell's Chem, Annalen, 1786, Vol I. p. 501. 
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any peculiar effed on the freezing point. But having made 
the experiment with nearly a faturated folution of borax, the 
thermometer when it congealed was evidently below 32^: I 
believe about a degree. 

As a neutral or middle fait, which when cryftallized is al-^ 
ways nearly of the fame nature, and diilblves in a regular pro*- 
portion in water, feemed likely to afford the moft fimple caf^^ 
of the efFe£l of extraneous admixtures, it was with fuch tha 
I began thefe experiments, But having found that with then\ 
the fimple ratio prevailed, I proceeded to try fubftances of ^ 
more variable nature, and capable of being mixed with water 
in almoft any proportion ; fuch as acids, alkalies, and ardent 
fpirits. A material difference in the law, which feemed to 
occur in thefe new experiments, renders it proper to defer the 
account of them till fome refle6lions on the preceding fads, 
with a few additional experiments to which they gave rife, 
have been premifed. 

It is now, I believe, univerfally allowed, that in frigorific 
mixtures the melting of the fnow or ice is the principal cauf ; 
of the cold produced ; all that heat which muft become latent 
in order to give water its fluid form being taken from the fen*- 
fible heat of the ingredients. But as^ when cryftallized falts 
are employed for the purpofe, thefe alfo are reduced to a liquid 
form, there muft, from this circumftance, be fome additional 
cold produced, fuch for inftanee as would be occafioned by dif^ 
folving the fame fait in water. Suppofe then that the latent 
heat of water is 150 degrees, and that fal ammoniac, in diflblving 
to faturation, produces fo much cold as finks the whole folution 
about 20° ; it is evident, that if this fait and ice are mixed 
together in fuch proportions as jufl: to melt one another, the total 
cold generated in the operation muft amomnt to 170 degrees* 



the Poki of Congelation. 295 

And fo much adually is produced before the whole liqnefaftion 
is efFefted ; and yet a mixture of thefe two fubftances will fink 
the thermometer no lower than to 4"^ of Fahrenheit's fcale. 
The confideration of this apparent difficulty has led to the 
fuppofition, that a certain quantity oi fire is contained in the 
cryftals of the fait, which being difengaged in the folution 
keeps up the mixture to a certain temperature^. But I con- 
ceive, that the phaenomenon depends fimply on the gradual 
liquefaftion of the ingredients, a neceflary confequence of the 
cold produced. A fat u rated folution of fal ammoniac freezes 
itfelf at 4""; therefore, when the mixture is reduced, by the 
liquefadion of the ingredients, to that temperature, no more 
of them can melt, becaufe any addition of cold would freeze 
what is already melted ; and if the mixture, under fuch clr- 
cumftances, were placed in an atmofphere of its own tempera- 
ture, the ingredients would remain for ever in that fame ftate, 
without any further liquefa£lion. But In an atmofphere 
warmer than 4"", they continue to melt, more or lefs flowly, as the 
heat which Is gradually communicated furnl(hes what is necef- 
fary to become latent. This communicated fenfible heat being 
immediately converted into latent, the mixture v»^ill always be 
kept down to the fame temperature as long as there is a fuffi- 
cient mafs? of unmelted materials ; and it can link no lower, 
becaufc then the liquefaftion would be flopped ; confequently 
fuch mixtures muft preferve, as they have been found to do, a 
pretty uniform temperature, fo as to, have been formerly ufed 
for graduating thermometers. And the whole cold produced, 
or, to fpeak properly, the whole of the heat made to difap- 
pear, I prefume to be ultimately equal to the full quantity of 
latent heat belonging to the diffolved ice and fait. 

* Dfi Luc's Idees fur la Meteorologie, Tom.. L p. 201. 

According: 
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According to this explaoatiorij the greateft cold to be pro* 
. duced^ with any fair and ice orinow-fHouM be that with- whicli 
a fatii rated folutioii of the- .fame ^ fait freezes; which was for- 
merlj eftablifhed bj-'M. De Luc as a' fa£t, and is in general 
-conformable .to the /.preceding: experiments,. .Thus, when .a 
fblution. of one part-of fal aiBmoniac in four parts., of water was 
put into the frigorific- -mixturej- fome of the fait was depofited^ 
and then the foliition on freezing raifed the thermometer to 4% 
which is exadlj the cold produce^ by a mixture of the fame 
fait with foow. Likewife the ftronger folutions of nitre had 
their feezing point between 26'' and 27*"; thofe of green 
vitriol near 28^ i and fo of moft of the other falts, correfpond* 
ing with the cold of their frigorific mixtures. This agree- 
ment, howeFer^ is liable to be modified by federal circum- 
ilances. For inftvance^ if the fait be of that nature that more 
of it is held in folution in %varm than in cold water, it becdmes 
extremely difficult to have the folution, at the moment it 
freezes, exadly loaded with that quantity of fait which is moft 
advantageous for acling upon the ice or fnow. Too much may 
have been depofited by the cooling previous to the congela- 
tion ; or fome refiftance having occurred to the cryftallization 
of the faltj more of it may be retained at the moment of 
congelation than properly belongs to the folution at that tem- 
perature. The purity of the falts likewife, their particular na- 
ture as inclined to deiiquefce or to fall down in powder in the 
air, the rapidity of their adion upon the ice or fnoiv, muft 
neceflarily be taken into the account, as influencing, the degree 
■■of cold they can produce^. 

It is an evident corollary from the above-mentioned agree- 
ment, that if the freezing point of the folution of a fait in 
water in any known proportion be given, its degree of folubi- 

lity 
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lity may in general be afeertainedj merely by trying the greateft 
cold it will produce with fnow. 

Notwlthftaoding this iifoal correipondeoce between the 
greateft quantity of a fait that could be diflblved, and the 
greateft degree of cold it would produce, compared witii the 
freezing point of its folution, I faw reafon to believe that, with 
fome faJts at leaft, an irregularity took place in this refped. 
The Rochelie faltj mixed with fnow, did not fink the ther- 
mometer lower than 24''; yet the freezing point of a folution 
of one part of it in two of water appears^ by the numbers in 
the table, to have been 2 i\ It is remarkable, however, that 
in the experiment with a ftillftronger folution, where fome of 
the fait was depoiited, the freezlug point came down to 2 4''. 
Likewife the folution of white vitriol, whofe freeziog point 
was aS""! , depofited a copious fediment, and yet produced 
with fnow a cold of 20"". This fediment did not look like cry- 
ftallized fait, but gave a turbid appearance to the whole folu- 
tion. The moft remarkable circumftance of this nature, I 
think, occurred with the purified common fait ; which, when 
mixed with fnow, funk the thermometer only to -4^. By 
experiment 1 found that one part of this fait would diilblvein 
about 2°| of water* Now, if the proportions of ^ to 4 give 
the freezing point at4-4% as by the table; i to 2| would, 
upon the general analogy, give it ^between - 1 2° and -13^; 
that is, 8 or 9 degrees lower than the greateft cold the fall: 
would produce with fnow* This circumftance leads to a fuf^ 
picion, that however uniform the preceding tables appear, yet in 
reality fomething of a decreaiing ratio exifts, and that each 
fubfeqi^ent addition of a fait does not deprefs the freezing point 
quite lb much as the preceding. In thofe lalts where the 
whole quantity of depreffion is but fmall, and in the upper 

:fart 
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part of the fcale in thofe which have a greater effe£lr5 this pro- 
predion maj be infenfible, or be incapable of determmation by 
fuch experiments as thefe, which by their nature do not admit 
of extreme accuracy; but it may become fufficiently obfervable 
toward the laft additions of fuch falts as are foluble in great 
quantity, and fuch as alter very much the freezing point. I 
never fucceeded to freeze the faturated folution of this Bor- 
rowftounnefs common fait, though it has been cooled feveral 
degrees below - 4^ without depofiting any of 4ts fait ; if the 
experiment were made in a cold fufficient for the purpofe, it 
would fhew whether any irregularity takes place in the aftioa 
of this fait upon fiiow, or whether fuch a decreafing ratio 
does exift. Perhaps, however, the whole may depend upon 
the principle alluded to formerly, that the prefence of fome 
fait flivours the depofition of more: for when a fait is mixed 
with fnow, it may in this point of view be confidered as in 
the fame ftate with a faturated folution of the fait which has 
fome of it remaining undiffolved ; and which, therefore, will 
not contain more than properly belongs to it at the given tern- 
perature; and the cold of fuch a frigorific mixture Ihould be 
no grec|ter than that of the freezing point of the faturated fo« 
lution under thofe circumftances. 

As it is well known that water, after it has been faturated 
with one fait, will take up a certain portion of another fait 
without depofiting any of the former, I was curious to try 
what efFe£l the- addition of this fecond fait would produce on 
the freezing point; and particularly whether it would deprefs 
the freezing point of the faturated folution the fame number 
of degrees that an equal proportion of the fame fait would 
deprefs the freezing point of water ; and whether the fame 

limple 



■iiiiiple" ratio 'Would hold good, or aiij-newiaw"-take placo. . To 
'bntigthis to the teft of experirBeot^ -I'todic a'foriiratetl folotioa. 

•-of -.nitre, -whdfe" freezing point of ■co'urfe was -between z&' and 
"as^"^ : ^^aiid adding to-^it the purifiecl ■common -fall an •^various pro- 
^.portions, I:;obtainedthe foiiowing- refults. 
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The Folution of niire was one that had been made fome 
time, and contained near one- fixth part of nitres cdnfequently 
more than the water could keep dilbbed in the temperature of 
the atmofpherej which \vas then not much aboFe 40^ Some 
of it therefore was depofited at the bottom. Thia^ however, 
the addition of a ^^ part of common fait foon enabled the water 
to-take up, and the two falts. formed together a clear folution. 
In the frigoriHc mixture, before the congelation took place, 
fome faline crjftals were again depofited, which feemed to be 
chiefly. If not entirely, nitre* In the temperature of the air 
this depofit was re-diffolved ; and on attending to the circum- 
fiances more carefully, upon a repetition of the cooling, I 
found, that no . rait began to be depofited till the folution was 
reduced to 2^3% when fome needle-like cryftals appeared, which 
confequently were nitr^e. The folution cooled about a degree 
more, and then, having let fall much fait, partly as cryftals 
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and partly, by ftirring, as a powder, it was made to congeal 
by dropping in a blc of fnow, and the thermometer rofe to 
23^1. When more fait was added, to render its proportion to 
the water as I : 15, the nitre feemed ftill more difficultly depo- 
fited in the freezing mixture; and this continued to be the 
tticdi of further additions of fait, the depofition of faline 
matter previous to the congelation being always lefs, in pro- 
portion as the quantity of common fait was greater. 

It is evident from the freezing points of this compound fo- 
lution, that the common fait deprefled the freezing point of 
the folution of nitre fomethins^ lefs than it would have de- 
preffed the freezing point of water, if added to it in the fame 
proportion. To ihew this more evidently, 1 have added a 
fourth and a fifth column to the table : the fourth column is 
formed by taking the freezing point of the faturated folution 
of nitre as 26^1, and then finding how many degrees the 
quantity of common fait added would have deprefled the freez- 
ing point of water ; this number of degrees, fubtraded from 
the conftant number 26^1, gives the freezing point by calcu- 
lation ; namely, what it fliould have been if the fait had pro- 
duced the fame efFe£t upon the folution of nitre as it would; 
upon pure water; and the difference between this and the 
freezing point found by the experiment gives the numbers in 
the fifth column. From the table it is apparent, that the defi* 
ciency of tW^dc from the fait goes on increafing to the third 
experiment, after which it decreafes. Probably fome particular 
Jaw takes place, which it would require a great number of expe- 
riments to deveiope ; but the decreafe toward the laf^ may In 
part be owing to the greater quantity of nitre which the water, 
when it began to be loaded with common fait, retained at the 
time of congelation^ and which muft have its efFe6t in 
, depreffing 
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^epreffiiig the freezing point. The above-mentioned circum- 
fiance feenis rather contradidory to an opinion which has been 
entertained, that when one fait, added to a faturated folutlon 
of another fait, enables it to take pp more of the former fait, 
it is onlv becaufe the water of crvftallization of the fecond fait 
real! J adds to the quantity of the diflblving fluid. 



I next proceeded to try a fimilar experiment with fal .1mmo« 
tiiac and the purified common fait, but with this difference, 
that neither fait fhould be added to the water in fuch quantity 
as to come near the point of faturation, fufpeding thaf the 
diminution of efteft obferved in the foregoing experiments 
might depend, in part at leail, upon this circumflance. The 
fal ammoniac, therefore, was diflblved in water in the propor- 
tion of I t lo, and the correfponding point of congelation ap- 
peared by experiment to be ao^l, agreeing very well with the 
table of fal ammoniac formerly given* To this folution was 
added the purified common fait, in proportion to the water as' 
I : 15, and then as i : 10; the refulting points of congelation 
were as is ihewn in the following table, conftruded in all re- 
fpeds as the immediately preceding. 



Cornpound folution of fal ammoniac aild common fait- 
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llence it appears*, that in this compound folution both falti 
Jtoduced^ as exa6lly as the experiments can be expeded to 
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ihew, their full effedT: in deprdfiug tli@ poiat^ of congelation 
"^/Vhen the folutioiis at length froze, after; cooliiig many de« 
grees belo\¥ the free'i:,ing point, the crjftals-fl)ot:ia.a very beau- 
tiful manner round tha bulb and ug the ftem of the thermo« 
,metei\ 

In a componnd/fofution^of.. Rbcheile aad"'Gom,nion fait there, 
was^, however,, a ■■ deficiency; of e§e£t. For the folution-^^f' 
Rochelie fait. ia. the., proportiQii--of •one.part to four of wale4% 
having its freezing point at 26^f; when. common fait: was 
diflblved in it, in the propprtion. of ~j\thj..,the freeziiig p 
appeared by experiment to be i6°ls.. whereas, by calculatioiiit. 
iliouH have been deprefled: nearly to 15^ 



A compofition of three fa! ts was. afFe£ted as follows 



Componnd foiution. pflochelle Mt, common Mt, and .M 



ammoniac* 
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The computation is made thus : Rochelie fait, in the pro- 
portion of I : 9,8, deprefles the freezing point 2^1'; common 
lalt, in the proportion of 1 : iO| finks it i^i^^i ; and 61 am- 
moniacs. in the proportion of 1^17^ fmks it;^; no\¥ 2i + 
1 1 J + 7 = 2oi ; which, fubtrafited from 325 leaves i I'^i for the 
computed freezing point of this mixture. 

The moment I had found by experiment that the addition 
of a different fait to the faturated folntion of any fait wotiid 
flill further deprefs its freezing pointy it was obvious to con- 
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clmle^ tliat greater cold could be produced with fnow bj a 
mixture of lalts than by means- of either •, taken feparately* 
I made ieveral experiments with this view, and found it uni- 
forniij the fa£t^ that by adding a certain proportion of a lak, 
which had lefs poiver of producing cold with Inow, to ono 
which -had, a., ffreatei: power^^ the frigorific effect of the4.attef 
was len.fi bl-y increafedi-. Baffing' over-' examples of lefs confe- 
qiiv^nce, it .will be ftafficient : to infiance common- ' fait; and iai 
ammonilc* The ordinary common- iait I -ufed to mi:^,.. wkh' 
fnow^ funk the. thermometer to --5^ $ the fal ammoniac to f 4? ; 
but when fome of the latter fait was mixed with the. former^ 
the compplition produced with fnow. a cold of •-'12^. 1 did 
not carry.lhe experiments far enough to determine the propor- 
tionaA¥hich anfwered beft^ but.faw.evidently, that a confidera* 
ble variety in thisj'efpe£l occalioned fcarc.ely ^ a perceptible^'^ dif- 
ference t . more fal ammoniac was^. however, required, ^ thati 
that proportion of it to the common fait, .which ought, by 
computation, to ha^e funk a faturated folution of the latter 7 
degrees^, OaJeveral ^occafions. I made ife of this •■compofitiort- 
to obtain a greater degree, of cold than common fait alone 
woiild produce, and found it a very .convenient method.. 

On, this principle it is that impure common iait always 
raalces a ftronger freezing mixture than the pure; it being, in 
fad, a compolition of falts. I have feen three fait s produce a 
gieater cold than two, but have not carried the expwments 
far enough to-afcertain the limits of "this effed :^r 

M 

* The GurioBs experiments, related m the - Philofopliiaal Tranfa^lions for 
1787, p* 28a* of producing a great degree of cold by diffoking a mixture 
©f faks in water, depeod in part upon the fame principle, the water being 
apable of reducing more fait from a folid to a fluid Ita-te when- feveral kinds are 
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M. DE Reaumur propofed to try what cold gunpowder 
would produce with iaow, as a teft of its goodnefs, that is, 
of the purity of the nitre in its compofition. It is evident, 
from what has been delivered above, that if any faline impu* 
rity be mixed with the nitre, a frigorific mixture formed with 
the compofition will be lower than 26''!, a greater or Icfs 
number of degrees, accorditig to the nature and quantity of 
the impurity ; and if it be only common fait, the proportion 
of it to the nitre may be thus determined pretty nearly. 

As the cold produced by common fait with fnow is —4° or 
more, and by fa] ammoniac +4"", it is difficult to conceive in 
what manner Fahrenheit fixed the zero of his thermometer/ 
All thofe who have examined the few authentic paflages to 
be found In authors upon this fubjeftj^ will be fenfible how 
vaguely they are exprefled, leaving it doubtful whether he 
ufed common Mt alone, fal ammoniac alone, or both mixed 
together. There is no method of finking a thermometer 
exaftly to 0"" with thefe lalts and fnow, but by means of a 
certain fmaller proportion of common fait added to the fal 
ammoniac ; and it would have been an extraordinary chance, 
that Fahrenheit fhouid hit precifely this proportion often 
enough to make him rely upon the point fo found as the 
commencement of his fcale ; more efpecially as the proportion 

employed, than it could of one of the kinds only. A remarkable hd: of this nature^ 
as I imagine, is recorded fo early as in the Memoirs of the French Academy of 
Sciences for 1700, p. 116. '* On prend une livre de fublime corrofif, crime 
*' livre de fel ammoniac , on les pulverife chacun a part j on mele enfuite les 
*' deux poudres tres exa6lement ; on mot le melange dans un matras, verfant 
** par-deiliis trois chopines de vinaigre diftillej on agite bien le tout; et ce me* 
*' lange fe refr oidit fi fort, qu'on a peine a tenir iong-tems le vaiiTeaii dans les 
«' mains en etc. 11 eft arrive meme quelque fois a M. Homberg^ que faifant ce 
^* melange en grande quantitej la matiere s'efi gelt\^^ 

is 
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is probably no greater than a feventh or a fixth of common 
fait to the fal ammoniac. Is it poffible that Fahrenheit, 
finding a confiderable difference in his experiments, took the 
mean between them for his zero, without any refped to the 
different nature of the falts with which he operated ? It ap- 
pears, that he was at this time fo little acquainted with the 
fubjeft, as to confider his zero as the utmoft limit of cold. 

I come now to certain fubftances which, by equal additions, 
feem to deprefs the freezing point of water in an increajing 
ratio. Thefe, as was mentioned before, are acids, alkalies, 
and fpirit of wine* I judge this to be the cafe from the fol- 
lowing experiments, though they are by no means fo full and 
extenlive as I could have wi(hed to make them^ had leifure 
permitted. 

The Ipecific gravity of the vitriolic acid I employed was 
1,837 at 62^ of heat; its effect upon the freezing point is 
ihewn by the following table. 





Vitriolic acid. 


Proportion 

of water to 

acid. 


Freezin^^ 
point by the 
experiment. 


Freezing 

point by 

calculation. 


10 : I 


Q 

241 



22i 


5 • I 


i2i 


I2t 


4 : I i 


. 7i 


L /2 



This table is conftru£l:ed in the fame manner as thofe for- 
merly given of the folution of fimple falts ; the lall: experi- 
ment, where the proportion is 4:1, being taken as the ftan- 
dard for computation ; and the extreme difference between 
the calculation and experiment is no lefs than 2°|, upon a 

reduftion 
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redudion of tha fraezhig point from 2i^'to'y%. The freeE* 
ing point, fet dowu in the table, is that to which the hqoor 
rofe upon congealing/ after having been cooled feveral degrees 
lower; which it is proper:to, mmark^, becaufe the ice role two 
or three degrees in thawing. 

The nitrons acid I employed was fmoaklng, arid held its fpc* 
cific gravity 1,454. It aded on, the. freezing point according 
to the following table, , which iarcotf ft rafted in ^gli .refpeSs.' iik§ 
the preceding. 



'■;Prqpoi:ti0a bi 
water to acid. 


point by 


Freezing 
point by 




eKperirnent. 


calculation 


16,8 : I 


261 




25! 


10 : I 


22 - 


211 


7,64 : I 


18 


i8 


5,06 : I 


loi 


I.I 


4,26 : I 


7 


7 



'The greateft diifference between the calculation anclexpefi^ 
ment appears here to be oilly two-thirds of a degree ; but that 
is more than, I thinls^ can be attributed to. inaccuracy. Thefe 
mixtures cooled remarkably well; that in which the water was 
to the acid as 7,64 : i funk down to 6*" before it froze^ The 
ice heated about a degreetefpre it rwas imelted. 



Spirit of fait being a very weak acid, its increafe of ratio 
was not perceptible within^ theiimits to .which I was coiifinec; 



•1 



Muriatic 



he Point of Congelattan, 



307 



Muriatic aci 


d. 


Proportion of 
water to acid* 


Freezing 
point by 


Freezing 
poiat by 


' 


experiment. 


calculation. 


10 : 1 
5,1 : I 




i8^ 




25 

i8i 


Z^^S '^ I 


9I 


9i 



This table is cooftrufted as the foregoing; and the fpecific 
gravity of the marine acid was 1,1 6 j. 

Salt of tartar, fuch as is xjfually fold in the fliops ^ was the 
vegetable alkali I employed* It did not readily deliquefcej 
and confequently was not very cauftic : the cold it produced 
withfnowwas-i2^ 



s 


alt of tartar* 


Proportion of 
water to alkali. 


Freezing 

point by 

experiment. 


Freezing 

point by 

calculation 


10 : I 

5 • ^ 
3: I 

2,5 : I 

2 : I 


2%% 

III 


261 

24* 

214. 
H 



Here the greateil difference between the calculation and ex- 
periment is fomething more than 1 1 degree, in finking the 
freezing point from aa''! to f; but in the higher freezing 
points of the table it is lefsj^ as well as in the lower^ Perhaps 

Vol. LXXVIIL T t this 
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this megvxlMity in the experiments is in part to be afcrihed tc^ 
an impurity in the fait of tartar ; a tmrbid appearance, and at 
length a depolition,, took place in all thefe fol utions, but prin- 
cipally in the flronger, occafioned probably by tartar of vitriol> 
with which that: fait is fo frequently mixed* 

The mineral alkali I tried, which was the cryftallized foda 
of the fliops, fhewed no increafe of ration but the fcale of its 
operation waa too fmall for a proper judgement to be formede. 

Mineral AlkaEo 



Proportion of 
water to alkali. 



10 : I 
5 • I 



Freezing 
point by 
experiment. 

o 

30- 
27^ 



Freezing 

point by 

calbulation. 



This fait would not remain fufpended in, much greater pro^ 
portion in the cooled water, I confider the folutions as de- 
creating in their freezing point by an equal ratio : poffibly, if 
the fait of tartar had been cryftallized, and perfedfy fatu- 
f ated with fixed air, it would alfo have aded in the manner 
of a neutral fait, and produced no increafe upon the ratio. 



|My volatile alkali, being the fal volatilis falls ammoniaci 
was tried only in two proportions.. 



■'^'^ 



*Wola?«" 



the Point of Congelatwn^ 



3^9 



Volatile alkalL 



Proportion of 
water to alkali. 



lo : I 
5,1 8 : I 



Freezing 

point by 

experiment, 

o 

25 

19 



Freezing 1 
point by 
calculation. 

o 
25I 

19 



Here alfo there Is no appearance of an increafe of ratic^ but 
father the contrary. 

The fpecific gravity of the fpirit of wine I employed was 
^829 at ^2"", It deprelTed the freezing point according to the 
following table. 



Spirit of wine. 


"Fraportion of 


Freezing 


Freezing 


water to fpirit. 


point by 


point by 




experiment/ 


calculation. 


8,5 : 1 




242 



<► 1 


5 : I 


17 


18 


q,66 : I 


I2| 


12| 


3: I 


H 


81 


2,5 : 1 


4 


4 



The total difference between the calculation and experiment, 
upon a reduftion of the freezing point from 24"" J to 4% is | of 
a degree ; but the intermediate points are very irregular, and 
in an oppofite fenfe, as if the ratio were decreasing. It feems 
more probable, that fome inaccuracy in the experiments, per- 
haps owing in part to the evaporation of the fpirits, fhould be 

Ttz the 
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the occafion of this^ than that there Ihould be fuch an irregu- 
larity in the law. 

If any perfoii fhould alledge, that the difference between 
the obferved and computed freezing points in the foregoing 
tables is not fufficient to eftablifh the increafe of ratio, 1 can 
only reply, that it appears to me greater than can reafonably 
be afcnbed to error in the experiment ; efpecially as fimilar 
experiments with neutral falts, not conduced more atten- 
tively, agreed fo well together in pointing out a different law* 
It muft be allowed, however, that the experiments do not 
Ihew any increafe of ratio, except in the vitriolic and nitrous 
acids, fait of tartar, and, with more ambiguity, in fpirit of 
wine : from analogy only 1 fufpeft it to take place in the other 
acids, and in the mineral and volatile alkalies provided they 
are cauflic. That a different law from what prevails in the 
neutral falts fhould take place with thefe fubftances, feems not 
furprifing, when it Is confidered how much ftronger attrac- 
tion they fhew for water, and how much lefs limited the pro- 
portion is in which they will unite to it : for the fame reafons^ 
I fhould not think it extraordinary, if deliquefcent falts, com- 
bined with water, fhould be found to obferve the fame in- 
creafing ratio in deprefling the freezing point. 

As other experiments upon the watery congelation of acids, 
and in lower degrees of cold, have been given to the public, it 
•would have been defirable to compare them with mine, and thu$ 
to have obtained a greater length of fcale* But the difficulty 
of afcertaining the precife flrength of different acids Is fo great, 
and a fmall uncertainty in this refpeft may occafion fo much 
error, that I conceive little reliance can be placed, with regard 
|o the prefent objedj upon any experiments except fuch as are 
4 macte 
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made by diluting the J^MrMcM with different prbportioiis of 
water. 

I fliall conclude this Paper with the account of an experi- 
ment to determine the effeft of fait upon the expanfion of 
water by cold. Pure water begins to fhew this expanlion about 
the temperature of 40% that is, 8 degrees above its freezing 
point. I put a folution of common fait, in the proportions of 
4,8 parts of water to one of the fait, and confequently whofe 
freezing point was 8^|, into an apparatus I had ufed for other 
experiments of the fame kind ; and found that the folution 
continued tocontrad till it was. cooled to 17% but had fenfibly 
expanded by the time it was cooked to 1 5''. Suppofe the expan- 
fion to have begun at i6''f, it would be juft 8 degrees above 
its new freezing point. Hence we have reafon to conclude, as 
far as one experiment goes, that the combination of a fait 
with water has no other effe£t upon its quality of expanding 
by cold, than to deprefs the point at which that quality be- 
gins to be fenfible, jujft as much as it deprefles the point of 
congelation. 

It is probable, that the fubje£l of this Paper will appear to 
fome minute and trifling. Did it lead to nothing further, that 
opinion might be juft. But it is by the accumulation of fails 
of this kind, and cfpecially fuch as have been developed by 
Mr. Cavendish in his excellent Papers on the freezing of 
acids ^, that the foundation liiuft be laid for a general theory 
of the laws of cohefion, which may ultimately lead to a know- 
ledge of the ftrudure upon which the intimate properties of 

* Philofophical Tranfaaions^ Vol, LXXVL p. 241^ and p, 166. o^' this 
Volume. 

bodies- 
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bodies depend; in the fame manner as more accurate obferFa- 
tions of the different motions of the great mafles in the uni- 
verfe, paved the way to the fublime difcoveries of Kepler 
and Newton* 




